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The purpose of this study was to critically evaluate the 
usefulness of postexercise regional myocardial thallium-201 
clearance for identifying disease in individual coronary 
arteries. Exercise and redistribution planar imaging studies 
were performed in 114 subjects, including 19 normal 
volunteers and 95 patients undergoing cardiac catheteriza- 
tion (70 with and 25 without ~50% narrowing in one or 
more coronary arteries). Thallium clearance was measured 
from predefined myocardial regions corresponding to the 
left anterior descending, left circumflex and right coronary 
arteries and was expressed as the percent decrease in 
activity at 4 h, assuming monoexponential clearance. 
In regions perfused by a normal or insignificantly 
diseased coronary artery, mean 4 h clearance was 58.9 + 
9.4% for normal volunteers, 43.1 + 15.5% for catheterized 
patients without coronary artery disease and 36.3 f 24.9% 
for catheterized patients with coronary artery disease (p < 
0.001 patients with coronary artery disease versus normal 
volunteers). Clearance from normal regions was signifi- 
cantly associated with two measures of exercise perform- 
ance: percent of predicted maximal heart rate achieved 
(r = 0.49) and exercise duration (r = 0.35). In regions 
perfused by a stenotic coronary artery, mean clearance was 
lower (31.1 f 19.8%) but was not significantly diierent 
from that in normal regions in the same patients. Clearance 
from diseased regions was also associated with maximal 
exercise heart rate (r = 0.28) and exercise duration (r = 
0.41), but not with percent coronary artery stenosis (r = 
0.02). 
After taking exercise performance into account, the 
number of diseased vessels or the presence or absence of 
disease in a given vessel had little influence on regional 
thallium clearance. Although measurement of regional post- 
exercise thallium clearance may help to identify stenotic 
coronary arteries in selected patients, variability related to 
exercise performance and other physiologic and technical 
factors greatly limits the clinical usefulness of absolute 
thallium clearance measurements. 
(J Am CoU Cardiol1989;14:1491-500) 
Exercise thallium-201 scintigraphy is currently in wide- 
spread use both for the detection of coronary artery disease 
and evaluation of its extent and severity. Although reason- 
ably accurate for establishing the presence of coronary 
artery disease, numerous studies (l-3) have shown that 
thallium scintigraphy tends to underestimate its extent, 
correctly identifying the coronary artery with the most 
severe obstruction, but often not detecting additional vessels 
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with less severe yet significant narrowing. In an effort to 
improve its sensitivity for detection of multivessel abnormal- 
ities, measurements of regional myocardial thallium clear- 
ance (“washout rate”) have been adopted as an adjunct to 
qualitative or quantitative assessment of regional defects in 
thallium uptake (4-6). 
The rationale for measuring thallium clearance is based 
on the fact that an obstructed coronary artery limits perfu- 
sion during exercise, resulting in reduced initial thallium 
uptake and delayed loss or a net increase in activity over 
time (7,s). In theory, reduced regional thallium clearance 
should be indicative of a significantly narrowed coronary 
artery. In practice, however, it may be more related to low 
exercise work loads caused by factors such as poor exercise 
tolerance, beta-adrenergic blocking drugs or the early onset 
of ischemia (9,lO). Technical difficulties in the measurement 
of washout rates may also limit the usefulness of this 
approach (1 l-15). Although some investigators (6,16-20) 
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have reported that the absolute value of regional thallium 
clearance can be used to identify coronary artery disease, 
others (21) believe that only regional differences within a 
given image are useful. 
The purposes of this study were to critically examine the 
physiologic factors affecting postexercise myocardial thal- 
lium clearance and to determine the value of regional clear- 
ance measurements in identifying narrowed coronary arter- 
ies. 
Methods 
Study patients. The study cohort consisted of 114 sub- 
jects (86 men and 28 women) ranging in age from 27 to 71 
years (mean 50 2 8). Group I included 19 normal volunteers 
(mean 42 -t 2 years) with normal rest and stress electrocar- 
diograms (ECGs) and normal stress and redistribution thal- 
lium scintigrams. Subjects in group I had no history of 
hypertension or prior myocardial infarction and were not 
taking any cardiac medication at the time of the study. 
Groups II and III consisted of 95 consecutive patients (73 
men and 22 women), ranging in age from 34 to 71 years 
(mean 5 1.5 ? 8 years) who were referred to our institution 
for coronary arteriography, and who also had 12 lead rest 
and exercise electrocardiography and planar thallium scin- 
tigraphy. Group II was made up of 25 patients found free of 
significant atherosclerotic coronary artery disease at angiog- 
raphy, in contrast to the 70 patients in group III who were 
found to have significant coronary artery disease. No patient 
in group II underwent arteriography because of the results of 
thallium scintigraphy. The mean age of patients in groups II 
and III was 50.5 + 7.5 and 52.5 2 8, respectively. The study 
protocol was approved by the Johns Hopkins Joint Commit- 
tee on Clinical Investigation. 
Thallium stress testing. After giving informed consent, all 
participants underwent graded treadmill exercise according 
to a modified Bruce protocol. Exercise was continued until 
the participant developed chest pain or reached 90% of the 
maximal age-predicted heart rate or developed limiting dys- 
pnea or fatigue. Blood pressure was monitored before and 
during exercise by auscultation, but was frequently unob- 
tainable at peak exercise because of patient movement. 
Thallium-201 (2.0 mCi, 74 MBq) was injected intravenously 
1 min before the end of exercise; the intravenous drip 
infusion was administered rapidly to ensure complete deliv- 
ery of the dose, and imaging was begun 5 to 10 min later. 
Supine images were acquired in the anterior, 40” left anterior 
oblique, 60” left anterior oblique and left lateral projections. 
Each was acquired as a 128 x 128 byte mode image using a 
standard Anger camera (Technicare 420) equipped with a 
parallel hole, medium sensitivity collimator and interfaced to 
a nuclear medicine computer (Medical Data Systems). A 
20% energy window was centered about the 80 kEv X-ray 
peak. In group I, termination was set for 500,000 counts full 
field; in groups II and III, 300,000 counts were acquired with 
a 6.5 in. (16.5 cm) cardiac shield in place. 
All participants had a delayed set of images 120 to 360 min 
(mean 241 ? 91) after exercise. The delayed images were 
acquired for a preset time equal to that required for that 
participant’s initial stress images. Participants fasted on the 
morning of the test and were requested to limit eating and 
exercise between the stress and delayed imaging periods. 
Coronary arteriography. Patients in groups II and III 
underwent coronary arteriography and left ventriculography 
in multiple projections with use of the standard Judkins 
technique. Studies were interpreted without knowledge of 
ECG or scintigraphic findings. Twenty-five patients (group 
II) were found to be free of significant coronary artery 
narrowing, defined as a luminal reduction of >50% either in 
the mainstem portion or in one or more of the principal 
marginal or diagonal branches of the major coronary arter- 
ies. Of the remaining 70 patients with coronary artery 
disease (group III), 22 had single vessel disease, 19 had 
double vessel disease and 29 had triple vessel disease. 
Coronary stenoses were graded visually as diameter narrow- 
ings of 530%, 31% to 50%, 51% to 70%, 71% to 90%, 91% to 
99% or 100%. Reproducibility was assessed by repeat read- 
ing of a random group of 11 studies several months later. 
There was exact agreement in 30 (91%) of the 33 vessels 
reread. The remaining three repeat readings did not differ by 
>lO% from the original, nor did they change the number of 
significantly stenotic vessels. 
Image analysis. The thallium images were initially back- 
ground-corrected using an interpolative, bilinear method 
previously described by Goris et al. (22). The box placed 
around the heart for this procedure encompassed both left 
and right ventricles and did not extend beyond the field of 
view demarcated by the cardiac shield in those subjects in 
whom a shield was used. The background-corrected images 
were then smoothed using a nine point weighting algorithm. 
The corrected and smoothed images were quantitatively 
analyzed with a modification of our circumferential profile 
analysis technique (23). An ellipse was placed around the left 
ventricle and adjusted by changing the position and size to 
provide a visual “best fit.” A thresholding edge detection 
routine was then employed to fit a final contour to the edge 
of the ventricle within this ellipse. The count center of 
gravity was then automatically found, from which radii were 
extended to each pixel along the edge of the ventricle. 
Beginning with the basal section, labeled as 0 or 360”, the 
average activity along each radius was calculated. A circum- 
ferential profile curve of average activity versus radial 
position was then obtained. The delayed images were ana- 
lyzed in the same way. The resulting stress-delayed curve 
pairs were normalized in length to 120 points for all images, 
each point representing 3” around the ventricle. 
Based on the data of Rigo et al. (31, scintigraphic 
segments were chosen to represent the perfusion territories 
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ANTERIOR IA0 60 where Co was the activity in the initial stress image. Clear- 
ante or “washout” at 4 h (W,) was expressed as the percent 
change in activity during the 4 h and was determined by: 
Figure 1. Distribution of coronary-specific myocardial regions for 
the left anterior descending (LAD), left circumflex (LCX) and right 
coronary artery (RCA). Shaded areas were excluded from analysis 
because of variable relation to specific coronary arteries. Anterior, 
LAO 40, and LAO 60 (40” and 60”, respectively, left anterior 
oblique) refer to imaging views. 
of the three major coronary arteries, based on a specificity of 
>97% for each vessel (Fig. 1). The anterior wall and septum 
were taken to represent the territory of the left anterior 
descending coronary artery, the inferior wall that of the right 
coronary artery and the lateral wall that of the left circumflex 
artery. The inferolateral wall in the 60” left anterior oblique 
view and the apical segments in the anterior and 40” left 
anterior oblique views were excluded to avoid assigning an 
abnormality to the wrong vessel, given the lack of high 
specificity of these segments (3). The thallium washout value 
recorded for each segment represented the mean of the three 
slowest adjacent radial values (9” arc) rather than the mean 
of the whole segment because it was recognized that abnor- 
mal thallium washout might be represented in only a portion 
of the arterial territory. The thallium washout rate reported 
for the anterior descending artery territory was generally the 
mean of thallium washout values from the anterior segment 
in the anterior and 60” left anterior oblique views and the 
septum in the 40” left anterior oblique view. In the sensitivity 
and specificity analysis, however, the slowest anterior de- 
scending artery territory thallium washout value was used to 
maximize sensitivity. The right coronary and circumflex 
artery clearance rates were taken from single views-the 
inferior segment of the anterior view and the lateral segment 
in the 40” left anterior oblique view, respectively. The 60” arc 
representing the base of the heart, located from 330” to 30”, 
was excluded from analysis. 
Because delayed images were acquired at different times 
after the initial postexercise images, a correction was em- 
ployed to normalize left ventricular count rate in each region 
of the delayed images to that which would have been 
observed at exactly 4 h after exercise. With use of a 
monoexponential model (24) delayed count rate at 4 h (C,) 
was determined by: 
~4 = c, e-O.693(4 - tbTl.?, 
where t was the time between stress and delayed imaging in 
hours, C, was the activity in the delayed image, and Tti was 
the time required for myocardial activity to decrease to half 
of its initial stress level. In turn, TY~ was determined by: 
Tti = 0.693 t/ln(C,lC,), 
w, = [(C, - C4)/Col x 100. 
These calculations were performed for each corresponding 
point of the stress and delayed curves, excluding those 
points representing nonspecific segments, for a total of 80 
points per curve pair in the anterior and 40” left anterior 
oblique views and 40 points in the 60” left anterior oblique 
view. Although the term washout is used here, net thallium 
activity could be either decreasing or increasing; negative 
washout values represent a net increase in activity at 4 h. 
Disease detection by washout criteria. For the purpose of 
detection of coronary artery disease, three different methods 
were used to identify disease by thallium washout charac- 
teristics alone. Method A defined a thallium washout defect 
as three consecutive washout curve points in any of the three 
views with a zero or negative value. This corresponded to 
myocardial activity that was either static or increasing over 
a 4 h period and represented a modification of a previously 
published method (4). In method B, a lower normal washout 
limit was established for each vessel distribution by taking 
the appropriate mean washout values in group I patients 
minus 2 SD (5). The lower limit of normal for the anterior 
descending, right and circumflex coronary artery territories 
was 39.3,38.6 and 38.7%, respectively. A washout point was 
abnormal if it fell below the established normal limit. Method 
C based its definition of a washout defect on the presence of 
a sufficient difference between a point of interest and the 
maximal thallium washout within a given projection (20,21). 
After applying a nine point smoothing algorithim to the raw 
washout curve, the maximal washout rate was determined 
for each projection. A point was considered abnormal if the 
washout was ~70% of the maximal washout value. For 
methods B and C, an entire ventricular segment was consid- 
ered abnormal if there were six or more consecutive abnor- 
mal points, representing 18” of arc around the ventricle. 
Abnormal points falling within the previously described 
exclusion zones were not included in individual vessel 
classification. 
Statistical analysis. Values are expressed as mean values 
2 SD. Analysis of variance was used to test the significance 
of differences among three or more groups. Student’s t test 
was used to test differences between two selected groups. 
When test groups were not normally distributed, the non- 
parametric Wilcoxon sign-rank test was applied. Where 
sample size was sufficient, proportions were evaluated using 
the chi-square test; otherwise the Fisher exact test was 
employed. Values of p < 0.05 were considered statistically 
significant. 
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Figure 2. Average thallium washout at 4 h for each patient in groups 
I (normal volunteers), II (no significant coronary artery disease by 
angiography) and III (250% obstruction in at least one vessel). 
Group III is separated into regions perfused by normal (IIIa) and 
abnormal (IIIb) coronary arteries. 
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Results 
Thallium washout rates. Overall washout, defined as the -25 -- 0 0 
mean of the individual washout values for the left anterior -50 
descending, left circumflex and right coronary artery re- I I I I I 0 5 10 15 20 25 
gions, was significantly (p < 0.001) different among the three EXERCISE DURATION (min) 
groups. Group I subjects demonstrated a mean 58.9 + 9.4% 
decrease in thallium activity over 4 h compared with 43.1 k 
15.5% for Group II and 32.6 ? 19.9% for group III. There 
was a significant (p < 0.001) difference in mean exercise 
duration among groups, with group I exercising for 16.2 ? 
4.2 mitt, group II for 10.6 ? 3.1 min and group III for 8.8 2 
3.3 min. There was also a significant (p < 0.05) difference in 
the percent of predicted maximal heart rate achieved during 
exercise, with group I reaching an average of 100.6 ? 7.1%, 
group II 82.6 ? 19% and group III 71.5 ? 15.6%. Beta- 
adrenergic blocking medication was not used by any partic- 
ipant in group I, but was used by 56% of group II and 81% of 
group III. 
Segments corresponding to normal coronary arteries. 
There were 195 total segments corresponding to normal or 
insignificantly diseased arteries (all 57 in group I, 75 in group 
II and 63 in group III). Data for these segments were 
analyzed both independently by group (Fig. 2) and combined 
for all groups (Fig. 3). Figure 2 displays the washout rates for 
groups I, II and III, with group III separated into segments 
corresponding to normal and abnormal coronary arteries. 
The normal segments of patients in group III had an average 
thallium washout rate of 36.3 ? 24.9%, which was signifi- 
cantly (p < 0.001) slower than that in group I, but not group 
II. Figure 3 displays the relation between washout rate and 
two measures of exercise performance for the normal seg- 
ments. There was a significant (r = 0.49, p < 0.001) relation 
between washout and percent of predicted maximal heart 
rate achieved (Fig. 3A). Washout was also related to exer- 
Figure 3. Relation between washout rate and exercise variables for 
myocardial regions perfused by normal arteries from patients in 
groups I, II and III. Washout was significantly related to both 
percent predicted maximal heart rate (panel A: y = 2.3 t 50.5 x 
heart rate, r = 0.49, p < 0.001) and exercise duration (panel B: y = 
24.5 t 1.7 x exercise duration, r = 0.35, p < 0.001). 
cise duration (Fig. 3B) (r = 0.35, p < 0.001). Multiple linear 
regression of washout against percent predicted maximal 
heart rate and exercise duration demonstrated a significant 
relation (r = 0.50, p < 0.001). The group of normal segments 
were reanalyzed after exclusion of subjects who were either 
taking beta-adrenergic blocking medication at the time of the 
study, reached ~85% of percent predicted maximal heart 
rate or were found to have some form of nonatherosclerotic 
cardiac disease, including wall motion abnormalities, docu- 
mented vessel spasm or elevated left ventricular end diastol- 
ic pressure in the absence of significantly narrowed coronary 
arteries. The remaining segments had a washout rate of 
54.7 t 16.4%, significantly faster (p < 0.001) than the rate of 
38.9 ? 20.3% found in the group of excluded segments. 
Maximal exercise heart rate also appeared to be an 
important determinant of clearance rate in normal segments 
within subjects grouped by no coronary artery disease and 
single or double vessel disease (Table 1). Patients with >70% 
predicted maximal heart rate had higher mean clearance 
rates in nondiseased vessel segments than did patients with 
a lower exercise heart rate response. In contrast, the number 
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Table 1. Mean Regional Thallium Washout Related to Exercise Heart Rate in 114 Patients 
~70% PMHR (n = 48) >7Os/ PMHR (n = 66) 
Diseased Nondiseased Diseased Nondiseased 
No. of Diseased Vascular Vascular No of heased Vascular Vascular 
Vessels Territory Territory Vessels Territory Territory 
0 (n = 9) 38.9 i 21.6 0 (n = 35) 52.1 i l2.9* 
I (n = 11) 21.5 r 18.5 23.9 k 19.6 I (n = II) 42.6 -c 23.6* 44.5 t 29.I* 
2 (n = 13) 33.8 2 17.0 35.3 ? 19.3 Z (n = 6) 41.8 +_ 18.6 41.9 i 17.4 
3 (n = IS) 24.1 + 16.2 3 (n = 14) 33.3 + 2l.F 
*p < 0.05 versus corresponding value for ~70% predicted maximal heart rate during exercise (PMHR). 
of diseased coronary arteries had no significant effect on 
clearance in normal segments once exercise heart rate had 
been taken into account. 
Segments corresponding to abnormal coronary arteries. 
Average thallium washout in those 147 segments of group III 
corresponding to abnormal coronary arteries was 3 I. I 2 
19.8%, significantly (p < 0.001) slower than that found in the 
normal segments of groups I and II, but not group III. The 
results of the regression analysis between washout and 
severity of stenosis, percent predicted maximal heart rate 
and exercise duration are displayed in Figure 4. No signifi- 
cant relation was found between washout and percent ste- 
nosis (r = -0.02, p = 0.872). Regression of washout against 
percent predicted maximal heart rate and exercise duration 
resulted in an r value of0.28 (p < 0.001) and 0.41 (p < O.OOl), 
respectively. Analysis of specific myocardial segments (Fig. 
1) revealed no significant difference in washout rates among 
the left anterior descending (30.5 f 20.2%), left circumflex 
(30.9 +- 21.1%) and right (32.1 2 18.7%) coronary artery 
territories. 
Maximal exercise heart rate was an important determi- 
nant of clearance rates in diseased vascular segments (Table 
I). For patients with single, double or triple vessel disease, 
clearance was consistently slower when peak exercise heart 
rate was ~70% of the predicted value than when it was 
above this value. When patients were grouped by exercise 
heart rate response, the difference in clearance rates be- 
tween diseased and nondiseased vascular segments in pa- 
tients with single or double vessel disease was very small 
and did not reach statistical significance (Table 1). This was 
true even in the patients achieving peak exercise heart rate 
>70% of the predicted value. 
In a single view, the thallium washout rate of one 
segment was found to be highly correlated with the washout 
rate in the opposite wall. This relation resulted in an r value 
of 0.92 (p < 0.001) in the anterior projection, of 0.81 (p < 
0.001) in the 40” left anterior oblique projection and of 0.87 
(p < 0.001) in the 60” left anterior oblique projection. When 
analysis was limited to those images in which opposing walls 
Figure 4. Relation among washout rate and other variables for 
myocardial regions perfused by arteries narrowed ~50%. There was 
no significant relation between washout rate and percent stenosis 
(panel A). Washout was significantly related to both percent pre- 
dicted maximal heart rate during exercise (panel B: y = 2.7 t 38.4 
x heart rate, r = 0.28, p < 0.001) and exercise duration (panel C: 
y = 6.9 t 2.6 x exercise duration, r = 0.41, p < 0.001). 
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Figure 5. Relation between thallium washout rates in the anterior 
view for anterior descending (LAD) artery segments associated with 
250% stenosis versus right coronary artery (RCA) segments asso- 
ciated with nonsignificant stenoses (y = 9.2 t 0.8 x right coronary 
artery, r = 0.91). Each point represents a single patient. The line 
drawn is the line of identity. Although a few patients demonstrate 
significantly slower anterior descending than right coronary artery 
washout, in most cases the points fall close to the line of identity. 
were supplied by normal and diseased coronary arteries, 
respectively, washout in the opposite walls remained similar 
and a significant relation was still found (r = 0.94, p < 0.001). 
Figure 5 illustrates this relation for the anterior view, with 
anterior descending artery territory washout plotted against 
that of the right coronary artery for those cases in which the 
anterior descending artery had a significant narrowing and 
the right coronary artery did not. 
Individual vessel detection by thallium washout. Three 
previously described methods (4,5,20,21) were used to de- 
termine the ability of thallium washout characteristics to 
identify coronary artery disease. Table 2 lists the sensitivity 
and specificity for each method for identifying individual 
vessel disease. The sensitivity of method A, which used zero 
or negative washout as the criterion for abnormality, was 
only 13% to 18%, depending on the specific artery. The 
sensitivity of method B, which utilized absolute washout 
rates, was considerably higher (63% to 77%), whereas that of 
method C, which depended on regional differences in wash- 
out, was comparable with that of method B (57% to 82%). 
The specificities for methods A, B and C were calculated 
separately for groups I and II and those segments of group 
III associated with normal coronary arteries, as well as for 
the three groups combined. For the combined data, speci- 
ficity was highest for method A (92% to lOO%), intermediate 
for method C (77% to 85%) and lowest for method B (65% to 
71%). All methods provided 100% specificity for all arteries 
in group I subjects. Method A retained high specificity in 
groups II and III, whereas methods B and C demonstrated 
Table 2. Sensitivity and Specificity for Identification of Disease in 
Individual Coronary Vessels in the Three Patient Groups 
LAD RCA LCX 
Group Method Sensitivity (%) 
III A 18 (11/62) 13 (6/48) 16 (6/37) 
III B 77 (48162) 63 (30/48) 65 (24/37) 
III C 82 (51/62) 60 (29148) 57 (21/37) 
1 
I 
I 
II 
II 
II 
III* 
IIF 
III* 
Combined 
Combined 
Specificity (%) 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
100 (19119) 
100 (19/19) 
100 (1909) 
100 (25/25) 
56 (14/25) 
76 (19/25) 
100 (818) 
50 (4/8) 
25 (2/8) 
100 (52/52) 
71 (37152) 
77 (40/52) 
100 (19/19) 
100 (19/19) 
100 (19/19) 
100 (25/25) 
60 (15/25) 
84 (21/25) 
77 (17/22) 
41 (9122) 
73 (16/22) 
92 (61&i) 
65 (43/66) 
85 (56ki6) 
100 (19119) 
100 (19/19) 
100 (19/19) 
96 (24125) 
76 (19125) 
88 (22125) 
94 (31/33) 
46 (15/33) 
67 (22/33) 
96 (74177) 
69 (53177) 
82 (63/77) 
*Normal segments in Group III patients. LAD = anterior descending 
coronary artery; Group I = normal volunteers; Group II = those with no 
significant coronary artery disease by angiography; Group III = those with 
>50% stenosis in at least one vessel by angiography; RCA = right coronary 
artery. See text for description of methods A, B and C. 
lower specificity in group III than group II. The lowest 
specificity occurred with method B in group III. 
Table 3 shows similar sensitiviry and spec$city data for 
the subset of patients who achieved a heart rate >70% of 
predicted at peak exercise. Although the number of patients 
available for this analysis was considerably smaller (because 
only 44% of patients in group III were able to achieve this 
level of exercise heart rate), the specificity for detecting 
individual vessel disease was about the same for all three 
Table 3. Sensitivity and Specificity for Identification of Disease in 
Individual Coronary Vessels: Patients With >70% Predicted 
Maximal Heart Rate During Exercise 
LAD RCA LCX 
Group Method Sensitivity (%) 
III A 24 (6115) 20 (3115) 11 (2/18) 
III B 76 (19125) 80 (12115) 50 (9118) 
III C 76 (19/25) 60 (S/15) 39 (7/18) 
Specificity (%) 
Combined* A 97 (37/38) 94 (44147) 100 (48/48) 
Combined* B 87 (33/38) 87 (41147) 81 (39/48) 
Combined* C 90 (34/38) 89 (42/47) 88 (42148) 
*Groups I and II and normal segments of patients in group III. Abbrevi- 
ations as in Table 2. 
JACC Vol. 14. No. 6 BECKER ET AL. 1497 
November 15. 1989:1491-SO0 MYOCARDIAL THALLIUM CLEARANCE 
Table 4. Sensitivity and Specificity of Thallium Washout for 
Identifying Patients With and Without Coronary Artery Disease 
Patients With 
All Patients <70% PMHR 
(n = 114) (n = 66) 
Sensitivity Specificity Sensitivity Specificity 
Method (n = 701* (n = 44)t (n = 31) (n = 35) 
A 26% 98% 19% 100% 
B 80% 75% 68% 86% 
C 86% 81% 71% 89% 
*Seventy patients with one or more coronary stenoses; t44 subjects 
without significant stenosis. ~70% PMHR = ~70% predicted maximal heart 
rate during exercise. 
methods, whereas sensitivity was much higher for methods 
B and C. 
The ability of thallium washout to correctly identfy 
patients with and without coronary artery disease is shown 
in Table 4. Among 70 patients with one or more coronary 
artery narrowings, 18 patients (26%) were correctly identi- 
fied by method A as having abnormal arteries compared with 
56 (80%) identified with method B and 60 (86%) with method 
C. Of 44 subjects without significant coronary artery disease, 
43 (98%) were correctly identified as having normal arteries 
by method A compared with 33 (75%) by method B and 36 
(81%) by method C. In the subset of patients able to exercise 
to >70% of predicted maximal heart rate, sensitivity was 
lower and specificity was higher with all three methods. 
Diffuse slow washout. Diffuse slow washout was defined 
as a calculated washout rate 2 SD below normal (based on 
group I subjects) in segments corresponding to all three 
vascular territories. Diffuse slow thallium washout was 
found in 44.3% of patients in group III, 24% of patients in 
group II and no patients in group I. For group III patients, 
exercise duration averaged 7.7 + 3.2 min for those with 
diffuse slow washout versus 9.6 -t 3.1 min in the remaining 
39 patients (p < 0.015) (Table 5). Percent predicted maximal 
heart rate achieved during exercise was also significantly 
Table 5. Correlates of Diffuse Slow Thallium Washout 
in 70 Patients 
Diffuse Slow Diffuse Slow 
Washout Present Washout Absent 
(n = 31) (n = 39) Value 
Exercise duration (min) 7.7 i 3.2 9.6 + 3.1 0.015 
PMHR (%) 65.8 -c 14.8 76.0 + 14.9 0.004 
Beta-blocker use (%) 90% 74% NS 
Coronary anatomy 
Triple VD 16 (52%) 13 (33%) 
Double VD 6 (19%) 13 (33%) 
NS* 
Single VD 9 (29%) 13 (33%) 
*By chi-square test. VD = vessel disease (>50% diameter stenosis): other 
abbreviations as in Table I. 
(p < 0.004) lower in the diffuse slow washout group (65.8 + 
14.8% versus 76.0 2 14.9%). Triple vessel disease was more 
common in patients with diffuse slow washout (52% versus 
33%), but this difference was not significant (p = 0.12) by 
chi-square analysis. 
Logistic regression analysis. To determine the additional 
contribution of thallium washout to percent predicted max- 
imal exercise heart rate and exercise duration for detecting 
disease in individual coronary arteries, a logistic regression 
model was used with backward elimination. When all three 
variables were included, an overall r value of 0.54 was 
obtained, with washout having a borderline p value of 0.06. 
After washout was eliminated, the r value changed insignif- 
icantly to 0.52 and the p values for the remaining variables 
improved from 0.02 to 0.004 for exercise duration and from 
0.02 to 0.002 for percent predicted maximal exercise heart 
rate. 
Discussion 
The purpose of our study was to critically examine 
whether regional rates of myocardial thallium clearance after 
exercise are useful for detecting obstruction in individual 
coronary arteries. We found that regional thallium clearance 
was correlated with measures of exercise level, but not with 
the angiographic severity of stenosis in the related coronary 
artery. Although myocardial segments perfused by stenotic 
coronary arteries demonstrated a slower mean clearance 
than normal segments, the variation in absolute clearance 
rates from view to view and from patient to patient was so 
large that the absolute clearance rate values were of limited 
usefulness for identifying coronary artery disease. 
Determinants of thallium clearance. Given what is known 
about the kinetics of thallium clearance, this result should 
not be surprising. The primary determinant of thallium 
clearance rate is the level of initial thallium uptake, which in 
turn is proportional to myocardial blood flow (25-27). After 
its initial flow-related distribution, thallium redistributes 
slowly within the body to achieve a final distribution con- 
cordant with the regional content of potassium (28). Clear- 
ance (or washout) refers to the rate at which this redistribu- 
tion process occurs. In point of fact, the terms clearance and 
washout are somewhat misleading, because they imply a 
strong dependence on flow whereas. in reality, the relation 
between clearance and residual perfusion is minimal at best 
(29-31). 
Experimentally, Nishiyama et al. (25) and Okada et al. 
(26) have demonstrated that the rate of myocardial clearance 
of thallium is closely related to initial uptake during manip- 
ulations of coronary blood flow. Massie et al. (9) and Kaul et 
al. (10) have both reported that, in normal subjects, thallium 
clearance is faster after maximal exercise than after submax- 
imal exercise, consistent with the notion that increased 
coronary flow during exercise results in increased initial 
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uptake and subsequently faster clearance. Similarly, some 
investigators (11,32) have pointed out that clearance rates in 
rest-injected thallium studies are very low or even negative. 
Potential limitations of our study. It is possible that re- 
gional thallium washout would have been better correlated 
with the presence or absence of significant coronary artery 
narrowing if we had used tomographic instead of planar 
imaging. Tomographic imaging provides an unambiguous 
separation of vascular territories and might have allowed a 
more precise matching of regional washout measurements 
with coronary anatomy. It should be noted, however, that 
our assignment of vascular territories was based on demon- 
strated specificities of >97% (3). The correlation between 
regional thallium washout and severity of coronary artery 
narrowing might also have been improved by the use of 
quantitative coronary ateriography. Although our qualitative 
methods were reproducible, their accuracy for identifying 
significant lesions associated with reduced coronary flow 
reserve might have been insufficient, particularly in the 
middle range of coronary stenosis severity (33,34). Hadjimil- 
tiades et al. (35) recently found that thallium clearance, 
expressed as a fraction of clearance in nonischemic myocar- 
dium, was correlated with certain measures of coronary 
stenosis on quantitative angiography in a selected group of 
patients with single vessel disease. The correlation was not 
significant when all patients were considered, but it achieved 
significance when patients with coronary collateral vessels 
were excluded. 
Physiologic limitations of thallium clearance measure- 
ments. Ordinarily, reduced regional uptake is evident as a 
perfusion defect but, when coronary disease is diffuse, 
defects may not be present in the distribution of all narrowed 
vessels. Reduced regional clearance has been suggested as a 
means for identifying these “invisible” vessels (6,17). Un- 
fortunately, our data suggest that a combination of physio- 
logic and technical problems limit the value of this approach. 
Because regional clearance rate is related to the intensity of 
exercise, patients stopping exercise early for any reason, 
whether it be a musculoskeletal problem or myocardial 
ischemia, would be expected to have reduced thallium 
clearance in all regions, including those perfused by normal 
coronary arteries. Similarly, patients taking a beta- 
adrenergic blocking drug would be expected to have dif- 
fusely impaired clearance because of a limited ability to 
increase heart rate during exercise, resulting in an attenuated 
increase in coronary blood flow. To the extent that patients 
with left main or severe triple vessel disease have a marked 
impairment in exercise capacity, a diffuse reduction in 
myocardial clearance may appear to accurately identify such 
patients. However, patients with single vessel disease who 
stop exercise early might be indistinguishable by absolute 
regional clearance criteria (36). A possible solution to this 
problem might be to correct for exercise work load using 
either exercise duration, peak exercise heart rate or rate- 
pressure product (10,37). However, these variables are not 
necessarily closely correlated with peak exercise myocardial 
blood flow, the measure that should be most directly related 
to initial thallium uptake and subsequent clearance. Alterna- 
tively, analysis could be limited to only those patients who 
achieve some predetermined level of exercise performance, 
although unacceptably large numbers of patients would 
probably be excluded. In the current study, only 44% of 
patients with coronary artery disease were able to achieve 
>70% predicted maximal exercise heart rate (about 120 
beatslmin) . 
In addition to the intensity of exercise, myocardial thal- 
lium clearance is affected by physiologic factors that vary 
from patient to patient, including the duration of ischemia 
(38,39), the rate of clearance of thallium from the blood (24) 
and the metabolic state of the patient (40). Experimentally, 
reversal of ischemia within the first few minutes after thal- 
lium injection results in apparent early “wash-in” because 
reactive hyperemia occurs while the blood concentration of 
thallium is still relatively high (3839). In contrast, late 
myocardial clearance has been shown to parallel blood 
clearance; factors that affect the latter, such as peripheral 
muscle mass, contribution from the splanchnic circulation or 
hang-up of a portion of the injected thallium dose in the arm 
(15), would be expected to alter regional clearance rates. In 
addition, infusion of glucose-insulin-potassium has been 
found to increase clearance from both ischemic and normal 
regions, suggesting that metabolic factors may also be im- 
portant (40). 
Technical limitations of thallium clearance measurements. 
Technical factors, including low image counts, background 
subtraction and patient positioning, may also add signifi- 
cantly to the variability of regional clearance measurements 
(1 l-14,20). The bilinear interpolative methods of Goris et al. 
(22) or Watson et al. (4), used by most quantitative pro- 
grams, result in an overestimation of true background (41). 
Because lung activity determines the amount to be sub- 
tracted from the myocardium, a change in lung activity over 
time may unduly influence clearance rate calculations 
(11,12). Steingart et al. (11) found that the method chosen for 
background subtraction could markedly influence the pat- 
tern of myocardial washout. 
Clinical use of thallium clearance measurements. Our 
study was designed to explore the usefulness of regional 
thallium washout rates in isolation from other clinical and 
scintigraphic indexes of ischemia. We found moderate sen- 
sitivity and specificity for identification of disease in individ- 
ual coronary arteries, although most of the apparent predic- 
tive ability of thallium washout was related to its correlation 
with exercise level; patients with multivessel disease tended 
to stop exercise earlier than did patients with less extensive 
or no disease and, therefore, more frequently tended to 
demonstrate slow washout in multiple scintigraphic seg- 
ments. Previous investigators (6,16,18,19,30,42,43) have 
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found that the use of clearance rates in conjunction with 
measures of thallium uptake increases the sensitivity of 
detection of abnormal vascular regions as well as the correct 
identification of patients with triple vessel disease without 
much apparent loss of specificity. Several investigators 
(16,19,44) have reported that the incremental value of re- 
gional clearance rates is 10% to 15% for detection of patients 
with triple vessel disease. However, use of clearance rates 
does appear to lead to a definite loss of specificity, particu- 
larly in patients with lower levels of exercise performance 
(45). In the study of Maddahi et al. (45), when clearance 
rates were added to quantitation of uptake, specificity for 
detection of disease in individual arteries decreased from 
76% to 39% and from 71% to 52% when maximal exercise 
heart rates were ~75% and 75% to 84% of predicted, 
respectively. The precise value of specificity obtained in any 
given study is critically dependent on the group of patients 
being considered. As shown by our own data (Table 2), 
specificity for detection of individual vessel disease by 
absolute clearance rates (method B) was 100% in healthy 
normal volunteers, 56% to 76% in patients with chest pain 
and nonsignificant coronary artery disease and only 41% to 
50% in patients with significant coronary artery narrowing. 
washout is only one part of image analysis, which also 
includes careful visual interpretation and quantification of 
regional thallium distribution and comparison with a normal 
data base. Washout measurements probably have their 
greatest value in helping to interpret difficult images. An 
uncertain perfusion defect is more likely to indicate true 
coronary artery disease if there is also an associated regional 
washout abnormality (that is, significantly slower washout in 
this area than elsewhere in the image). Absolute clearance 
rates may also be helpful in some instances if the exercise 
heart rate response is adequate. Conversely, diffusely slow 
washout is more difficult to interpret, and careful consider- 
ation must be given to the maximal level of exercise 
achieved as well as the clinical likelihood of coronary artery 
disease in the patient being examined. 
We thank Christine G. Holzmueller for her assistance in the preparation of the 
manuscript. 
References 
I. 
Absolute versus relative regional thallium clearance. Of 
the washout methods investigated here, method C, relying 
on regional differences in washout within a single scinti- 
graphic view, may prove to be the best (20,21). Method A, a 
modification of the one described by Watson et al. (4), may 
be useful for objectively separating fixed defects from redis- 
tributing defects and for increasing the confidence of lesion 
detection, but it appears to be too insensitive for improving 
the detection of multivessel disease. Method B, described by 
Garcia et al. (5) and utilizing absolute regional washout 
rates, is heavily influenced by exercise level and other 
physiologic and technical factors and is probably too non- 
specific for general use. Differences in regional clearance 
(method C), in contrast, may be less dependent on these 
factors. Given some level of exercise sufficient to produce a 
difference in perfusion between diseased and nondiseased 
vascular regions, differences in regional clearance rates 
should occur and reflect differences in initial uptake. Physi- 
ologic and technical factors would be likely to produce 
directionally similar alterations in clearance rates in isch- 
emit and normal regions, but would be unlikely to produce 
regional differences. 
2. 
3. 
4. 
Lenaers A, Block P, van Thiel E, et al. Segmental analysis of Tl-201 stress 
myocardial scintigraphy. J Nucl Med 1977:18:509-16. 
Dash H, Massie BM, Botvinick EH, Brundage BH. The noninvasive 
identification of left main and three vessel coronary artery disease by 
myocardial stress perfusion scintigraphy and treadmill exercise electro- 
cardiography. Circulation 1979;60:276-84. 
Rigo P, Bailey IK, Griffith LSC, et al. Value and limitations of segmental 
analysis of stress thallium myocardial imaging for localization of coronary 
artery disease. Circulation 1980;61:973-81. 
Watson DD, Campbell NP, Read EK, Gibson RS, Teates CD, Belier GA. 
Spatial and temporal quantitation of plane thallium myocardial images. 
J Nucl Med 1981;22:577-84. 
5. 
6. 
Garcia E, Maddahi J, Berman D, Waxman A. Space/time quantitation of 
thallium-201 myocardial scintigraphy. J Nucl Med 1981;22:30!&17. 
Maddahi J, Garcia EV, Berman DS, Waxman A, Swan HJC, Forrester J. 
Improved noninvasive assessment of coronary artery disease by quanti- 
tative analysis of regional stress myocardial distribution and washout of 
thallium-201. Circulation 1981;64:924-35. 
I. Pohost GM, Zir LM, Moore RH, McKusick KA, Guiney TE, Belier GA. 
Differentiation of transiently ischemic from infarcted myocardium by 
serial imaging after a single dose of thallium-201. Circulation 1977; 
55:29C302. 
8. Beller GA, Watson DD, Ackell P, Pohost GM. Time course of thallium- 
201 redistribution after transient myocardial ischemia. Circulation 1980; 
61:792-7. 
Clinical implications. It should be emphasized that the 
purpose of our study was to determine the value of regional 
thallium clearance independent of initial myocardial thallium 
distribution for detecting diseased coronary arteries that 
may be scintigraphically “silent.” Our results indicate that 
absolute thallium washout, taken in isolation, is an unreli- 
able indicator of disease, probably because of a large number 
of physiologic and technical factors that are difficult to 
control. In practice, of course, quantification of thallium 
9. 
10. 
11, 
12. 
Massie BM, Wisneski J, Kramer B, Hollenberg M, Gertz E, Stem D. 
Comparison of myocardial thallium-201 clearance after maximal and 
submaximal exercise: implications for diagnosis of coronary artery dis- 
ease. J Nucl Med 1982;23:381-5. 
Kaul S, Chesler DA, Pohost GM, Strauss HW, Okada RD, Boucher CA. 
Influence of peak exercise heart rate on normal thallium-201 myocardial 
clearance. J Nucl Med 1986;27:2&30. 
Steingart RM, Bontemps R, Scheuer J, Yipintsoi T. Gamma camera 
quantitation of thallium-201 redistribution at rest in a dog model. Circu- 
lation 1982;65:542-50. 
Brown KA, Benoit L, Clements JP, Wackers FJTh. Fast washout of 
thallium-201 from area of myocardial infarction: possible artifact of 
background subtraction. J Nucl Med 1987:28:945-9. 
1500 BECKER ET AL 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
MYOCARDIAL THALLIUM CLEARANCE 
Lancaster JL, Starling MR, Kopp DT, Lasher JC, Blumhardt R. Effect of 
errors in reangulation on planar and tomographic thallium-201 washout 
profile curves. J Nucl Med 1985;26:1445-55. 
McCarthy DM, Makler PT Jr. Potential limitations of quantitative thal- 
lium scanning. Am J Cardiol 1985;55:215-7. 
Gal R, Port SC. Arm vein uptake of thallium-201 during exercise: 
incidence and clinical significance. J Nucl Med 1986;27:1353-7. 
Gewirtz H, Paladin0 W, Sullivan M, Most AS. Value and limitations of 
myocardial thallium washout rate in the noninvasive diagnosis of patients 
with triple-vessel coronary artery disease. Am Heart J 1983;106:681-6. 
Bateman TM, Maddahi J, Gray RJ, et al. Diffuse slow washout of 
myocardial thallium-201: a new scintigraphic indicator of extensive cor- 
onary artery disease. J Am Co11 Cardiol 1984;4:55-64. 
Van Train KF, Berman DS, Garcia EV, et al. Quantitative analysis of 
stress thallium-201 myocardial scintigrams: a multicenter trial. J Nucl 
Med 1986;27:17-25. 
Ascoop C, Klein B, Niemeyer M, van Oudheusden D, Rijneke R, van 
Tellingen C. On the clinical value of thallium-201 washout analysis in the 
detection of multiple jeopardized myocardial regions. Int J Cardiol 
1986;11:305-16. 
Wackers FJTh, Fetterman RC, Mattera JA, Clements JP. Quantitative 
planar thallium-201 stress scintigraphy: a critical evaluation of the 
method. Semin Nucl Med 1985;15:4fX6. 
Kaul S, Chesler DA, Newell JB, Pohost GM, Okada RD, Boucher CA. 
Regional variability in the myocardial clearance of thallium-201 and its 
importance in determining the presence or absence of coronary artery 
disease. J Am Coll Cardiol 1986;8:95-100. 
Goris ML, Daspit SG, McLaughlin P, Kriss JP. Interpolative background 
subtraction. J Nucl Med 1976;17:744-7. 
Burow RD, Pond M, Schafer AW, Becker LC. “Circumferential pro- 
files”: a new method for computer analysis of thallium-201 myocardial 
perfusion images. J Nucl Med 1979;20:771-9. 
Okada RD, Jacobs ML, Daggett WM, et al. Thallium-201 kinetics in 
nonischemic canine myocardium. Circulation 1982;65:7&7. 
Nishiyama H, Adolph RJ, Gabel M, Lukes SJ, Franklin D, Williams CC. 
Effect of coronary blood flow on thallium-201 uptake and washout. 
Circulation 1982;65:53C42. 
Okada RD, Leppo JA, Boucher CA, Pohost GM. Myocardial kinetics of 
thallium-201 after dipyridamole infusion in normal canine myocardium 
and in myocardium distal to a stenosis. J Clin Invest 1982;69: 199-209. 
Melin JA, Becker LC. Quantitative relationship between global left 
ventricular thallium uptake and blood flow: effects of propranolol, oua- 
bain, dipyridamole, and coronary artery occlusion. J Nucl Med 1986; 
27~641-52. 
Gehring PJ, Hammond PG. The interrelationship between thallium and 
potassium in animals. J Pharmacol Exp Ther 1967;155:187-201. 
Gewirtz H, O’Keefe DD, Pohost GM, Strauss HW, Mcllduff JB, Daggett 
WM. The effect of ischemia on thallium-201 clearance from the myocar- 
dium. Circulation 1978;58:215-9. 
Leppo JA, Okada RD, Strauss HW, Pohost GM. Effect of hyperaemia on 
thallium-201 redistribution in normal canine myocardium. Cardiovasc Res 
1985;19:679-85. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
JACC Vol. 14, No. 6 
November 15, 1989:1491-500 
Krivokapich J, Watanabe CR, Shine KI. Effects of anoxia and ischemia 
on thallium exchange in rabbit myocardium. Am J Physiol 1985;249: 
H620-8. 
Schulman D, Soufer R, Lange R, Levine E, Wackers FJTh. Normal 
resting thallium-201 myocardial kinetics in man. Am J Physiol Imaging (in 
press). 
White CW, Wright CB, Doty DB, et al. Does visual interpretation of the 
coronary arteriogram predict the physiologic importance of a coronary 
stenosis? N Engl J Med 1984;310:819-24, 
Zijlstra F, Fioretti P, Reiber JHC, Seruys PW. Which tine angiographi- 
tally assessed anatomic variable correlates best with functional measure- 
ments of stenosis severity? A comparison of quantitative analysis of the 
coronary cineangiogram with measured coronary flow reserve and exer- 
cise/redistribution thallium-201 scintigraphy. J Am Co11 Cardiol 1988; 
12:68&91. 
Hadjimiltiades S, Watson R, Hakki A-H, Heo J, Iskandrian AS. Relation 
between myocardial thallium-201 kinetics during exercise and quantita- 
tive coronary angiography in patients with one vessel coronary artery 
disease. J Am Coil Cardiol 1989;13:1301-8. 
Nishimura T, Uehara T, Hayashida K, Kozuka T, Saito M, Sumiyoshi T. 
Quantitative assessment of thallium myocardial washout rate: importance 
of peak heart rate and lung thallium uptake in defining normal values. Eur 
J Nucl Med 1987;13:67-71. 
Massie BM, Hollenberg M, Wisneski JA, Go M, Gertz EW, Henderson S. 
Scintigraphic quantification of myocardial ischemia: a new approach. 
Circulation 1983;68:747-55. 
Schwartz JS, Ponto R, Carlyle P, Forstrom L, Cohn JN. Early redistri- 
bution of thallium-201 after temporary ischemia. Circulation 1978;57: 
332-5. 
Wharton TP Jr, Neil1 WA, Oxendine JM, Painter LN. Effect of duration 
of regional myocardial ischemia and degree of reactive hyperemia on the 
magnitude of the initial thallium defect. Circulation 1980;62:516-21. 
Wilson RA, Okada RD, Strauss HW, Pohost GM. Effect of glucose- 
insulin-potassium infusion on thallium myocardial clearance. Circulation 
1983;68:203-9. 
Narahara KA, Hamilton GW, Williams DL, Gould KL. Myocardial 
imaging with thallium-201: an experimental model for analysis of the true 
myocardial and background image components. J Nucl Med 1977; 
18:781-6. 
Sklar J, Kirch D, Johnson T, Hasegawa B, Peck S, Steele P. Slow late 
myocardial clearance of thallium: a characteristic phenomenon in coro- 
nary artery disease. Circulation 1982;65: 1504-10. 
Kaul S, Boucher CA, Newell JB, et al. Determination of the quantitative 
thallium imaging variables that optimize detection of coronary artery 
disease. J Am Co11 Cardiol 1986;7:527-37. 
Koskinen M, Poyhonen L, Seppanen S. Thallium-201 washout in coro- 
nary artery disease using SPECT: a comparison with coronary angiogra- 
phy. Eur J Nucl Med 1987;12:609-12. 
Maddahi J, DonMichael JA, Becerra A, et al. Effect of submaximal 
exercise heart rate on the results of quantitative thallium-201 stress testing 
(abstr). Circulation 1985;72(suppl III):III-137. 
